
bi 

e BELLCOMM, INC. 

, *  

955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON, D. C. 20024 B70 03098 

SUBJECT: Impact of J Mission Payload Re- DATE: March 31, 1970 
quirements on L/V structures and 
Control Dynamics - Case 320 FROM: R. E. Hunter 

ABSTRACT 

Recent options have been presented by MSFC to in- 
crease the Saturn V payload capability to 107,000 lbs for 
Apollo lunar exploration missions (J missions). These options 
have assumed a basel ine vehicle structures and c m t r o l  capahili- 
ty of 108,000 lbs. The impact of a 108,000 lb payload on the 
structure and control system capability of the Saturn V launch 
vehicle is herein assessed. 

It is shown that no changes to Saturn V structure or 
control systems should be expected for J mission payloads pro- 
vided the end s-IC boost accelerations are kept at or below 
4.0g. 
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MEMORANDUM FOR FILE I 

INTRODUCTION 

At Apollo Lunar Exploration Mission meetings, MSFC 
has presented options to increase the Saturn Viiiaxliiilum inject- 
ed payload capability from the present 101,500 lbs to 107,000 
lbs for AS-511 and subsequent vehicles. These options have 
been presented assuming a baseline vehicle structures and 
control payload capability of 108,000 lbs. The impact of a 
108,000 lb payload on the structural adequacy and control sys- 
tem capability of the Saturn V launch vehicle is herein dis- 
cussed. 

LAUNCH VEHICLE CHANGES FOR BASELINE J MISSION 

Table 1 lists the changes proposed for the Saturn V 
launch vehicle in order to achieve a baseline payload commit- 
ment CJf 105,500 lbs. Additional options being considered for 
incrcasing payload capability to the desired 107,000 lbs are 
listed in Table 2. '&' Only tne two ur1Ger i i i i t .d  ~~iiir.iqc; ;:;I: 
have any impact on the structural capability of the launch 
vehicle. 

I 1  \ 

Increased time delay from 1.2 sec. to 1.6 sec. on 
S-IC CECO will increase peak axial acceleration. The majori- 
ty of the launch vehicle structure is designed f o r  this load 
condition, and the impact of increased S-IC end boost ac- 
celerations are discussed at length herein. 

S-I1 stage additional mainstage propellant will 

Current estimates from MSFC are that an additional 
affect structural loads during the most critical loading 
periods. 
1,500 lbs of propellant will be added to the S-I1 stage; this 
amounts to a 0.14% increase in total S-I1 weight. The S-I1 
aft LOX bulkhead is critical during peak accelerations at 
S-IC end boost. Current mission safety factors for the aft 
LOX bulkhead are about 1.4 for the S-IC end boost condi- 
tion.(2) 
order to lower this safety factor below the required 1.3 for 

It would take a 10% increase in S-I1 LOX load in 
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the lightweight S-11. 
concern to S-I1 tankage because the LH2 forward bulkhead and 
tank wall are critical at S-I1 end boost, and S-I1 end boost 
loading conditions will remain unchanged. The S-I1 common 
bulkhead is critical during pre-launch operations, and will 
be unaffected by the additional propellant. 

Increased S-I1 LH2 loading is of no 

The S-I1 aft skirt and the S-IC skirts and tank 
walls will be affected by increased S-I1 LOX loading. The 
net affect will be an increase in load, at a given vehicle 
station, for the critical time of S-IC end boost, in propor- 
tion to the percentage increase in total weight above that 
station. 

L/V STRUCTURES 

Small increases in payload have a small or negligi- 
ble affect on the ability of the Saturn V launch vehicle to 
survive the critical loading periods of pre-launch, max qa, 
S-IC CECO, S-IC OBECO, and S-IC/S-I1 separation. With the 
exception of individual stage thrust structures and portions 
of the S-I1 tankage, these conditions establish all launch 
vehicle design loads for nominal flight. ( 2 , 3 )  

Pre-launch loads, from maximum ground winds on a ve- 
hicle without propellants, determine the lowest safety factor 

on the pad, without the mobile service structure present, and 
without the damper attached, a wind speed of 40 knots will 
create a minimum safety factor of 1.26 in the S-I1 LH2 tank 
at station 1902. ( 2 )  
to vortex shedding; a 7,000 lb payload increase would not sig- 
nificantly alter this condition. This load occurs prior to 
astronaut boarding, and a minimum safety factor of 1.25 has 
been accepted. 

' ' - - L  L i l a c  lL- ~ i i ~  L U U ~ ~ ~ ~ ~  l - - - - - k  - - - t - < m l a  l-.l+-__ _ _  i c  oypnqed to. W i t h  the vehicle empty, 

This load is primarily from bending due 

Max qa loads are now calculated using KSC direc- 
The maximum tional winds and wind biased trajectories. ( 2 )  

operational wind loads, which occur for a March launch, 
are approximately 6 8 %  of design loadsy based on a 
75 m/sec. omnidirectional wind. J mission payload weights 
affect launch vehicle max qa loads most at the forward 
end of the launch vehicle. The minimum safety factor in the 
S-IVB-IU area, under maximum operational wind conditions, 
is approximately 1.8 at station 3 2 2 2 .  ( 2  3 ,  Preliminary 
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c a l c u l a t i o n s  by North American Rockwell of J miss ion  qa l o a d s  
i n d i c a t e  no p e r c e p t a b l e  change i n  loads  a t  t h e  SLA/IU i n t e r -  
f a c e  ( s t a t i o n  32581, over  c u r r e n t  Apollo miss ion  loads .  

Using AS-504 load  p r e d i c t i o n s  a t  max q a  as rep re -  

s e n t a t i v e  load ing  f o r  a launch i n  t h e  month of March, ( 2 )  and 

t h e  minimum launch v e h i c l e  s a f e t y  f a c t o r  i s  1.34 a t  t h e  S-I1 
forward s k i r t  ( s t a t i o n  2 5 1 9 ) .  The minimum s a f e t y  f a c t o r  f o r  
J miss ions  w i l l  n o t  be s i g n i f i c a n t l y  d i f f e r e n t  from t h e  above, 
and smal l  changes a r e  accep tab le  s i n c e  t h e  r e q u i r e d  s a f e t y  
f a c t o r  i s  1.30 f o r  t h e  l i gh t -we igh t  S-11. 

u s i n g  c u r r e n t  assessments  of launch v e h i c l e  c a p a b i l i t y ,  ( 3 )  

S - IC /S- I1  s e p a r a t i o n  creates des ign  t e n s i l e  l o a d s  
i n  much of t h e  S- IVB and s p a c e c r a f t .  I n  a l l  c a s e s  t h e  s a f e t y  
f a c t o r s  a r e  so f a r  i n  excess  of t h e  1 . 4  and 1 .5  r e q u i r e d ,  t h a t  
t h e  proposed payload changes could  n o t  i n c r e a s e  s e p a r a t i o n  
l o a d s  s u f f i c i e n t l y  t o  reduce s a f e t y  f a c t o r s  below s p e c i f i c a -  

t i o n s .  ( 4 )  

Curren t  p l a n s  f o r  t h e  J miss ions  l i m i t  t h e  S - I C  end 
boos t  a c c e l e r a t i o n  t o  a maximum of 4.0g. End boos t  s t r u c t u r a l  
s a f e t y  f a c t o r s  a t  a p a r t i c u l a r  v e h i c l e  s t a t i o n  are determined 
from l o c a l  tempera ture ,  i n t e r n a l  p r e s s u r e ,  peak a x i a l  acceler- 
a t i o n s ,  and t o t a l  weight  above t h a t  s t a t i o n .  By comparing end 
boos t  c o n d i t i o n s  and corresponding s a f e t y  f a c t o r s  f o r  Apollo 

ed payload can be eva lua ted .  
II 1 1  QllU - - A  u - &-- -<- - . l  L1yrb-I " -r m:-",nrr *,.A"u:w*., the ir!?=-!Z cf t h e  2rcpcsed. ?!?creAs- r-- 

Apollo 11 maximum loads  and s a f e t y  f a c t o r s  f o r  a 
nominal 3.73g S-IC CECO a c c e l e r a t i o n ,  as determined from t h e  

Shown i n  Table  4 f o r  comparison purposes  a r e  Apollo 11 l o a d s  
assuming a 4.0g S-IC end boost  a c c e l e r a t i o n .  The i n c r e a s e  
i n  tempera ture  f o r  t h e  4.0g case  i s  due t o  t h e  corresponding 
de layed  center engine c u t o f f .  I n  Table  5 t h e  a f f e c t  of an 
added 7,056 l b  payload* t o  t h a t  flown on Apollo 11 i s  shown. 
Note t h a t  t h e  payload i n c r e a s e  n o t i c e a b l y  reduces  s a f e t y  
f a c t o r s  on ly  a t  t h e  I U  and S-IVB forward s k i r t ,  where  7,056 
l b s  i s  a s i g n i f i c a n t  percentage  of t h e  t o t a l  weight  above 

Apollo 11 o p e r a t i o n a l  t r a j e c t o r y ,  a r e  shown i n  Table  3 .  ( 5 )  

*Apollo 11 payload + 7,056 l b  = 108,000 l b .  
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t h a t  p o i n t .  F o r t u n a t e l y ,  t h e  s a f e t y  f a c t o r s  i n  t h i s  r e g i o n  
are  large enough t h a t  t h e  i n c r e a s e d  payload i s  of  l i t t l e  
concern .  B e l o w  t h e  S-IVB p r o p e l l a n t  t a n k s  t h e  added payload 
we igh t  i s  a s m a l l  percentage  of t h e  t o t a l  weight  above any 
one s t a t i o n ,  and t h e  changes i n  s a f e t y  f a c t o r s  due t o  added 
payload  are n e g l i g i b l e ,  when compared t o  t h e  e f f e c t s  of  an  
i n c r e a s e d  S-IC end b o o s t  a c c e l e r a t i o n .  

I n  Table  5 t h e  lowest end b o o s t  launch  v e h i c l e  
s a f e t y  f a c t o r  f o r  a 1 0 8 , 0 0 0  l b  payload i s  1.335 i n  t h e  S-I1 
a f t  s k i r t .  C u r r e n t  MSFC S p e c i f i c a t i o n s  r e q u i r e  a 1 . 4  s a f e t y  
f a c t o r  f o r  t h e  launch v e h i c l e ,  w i t h  a waiver  t o  1 . 3  for  t h e  

l l y i l i  w e i g h t '  S-ii stages (S-ii-4 th rough S-11-10) .  The 
S-IC forward s k i r t  s a f e t y  f a c t o r  of  1.373 (Table  3) does n o t  
m e e t  t h e  1 . 4  r equ i r emen t ,  b u t  i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  
t h e  lowes t  S- I1  s a f e t y  f a c t o r .  

11 -l . 

I f  performance c a p a b i l i t i e s  r e q u i r e  g r e a t e r  t h a n  a 
4.0g end b o o s t  a c c e l e r a t i o n , i n  o r d e r  t o  i n j e c t  a 1 0 8 , 0 0 0  l b  
payload ,  launch  v e h i c l e  s a f e t y  f a c t o r s  can  become a concern .  
A 4.359 S-IC end boos t  a c c e l e r a t i o n  f o r  a J mis s ion  would pro-  
duce  a minimum launch v e h i c l e  s a f e t y  f a c t o r  o f  1.23 i n  t h e  
S-I1 a f t  s k i r t  and a cor responding  s a f e t y  f a c t o r  of 1.26 i n  
t h e  S-IC forward s k i r t .  ( 5 )  
g r e a t e r  t h a n  a 4.09 S-IC end b o o s t  a c c e l e r a t i o n  t o  m e e t  J 
mis s ion  launch  v e h i c l e  performance requi rements .  

Cur ren t  p l a n s  do n o t  r e q u i r e  

LAUNCH VEHICLE CONTROL DYNAMICS 
- -~ 

C o n t r o l  system s t a b i l i t y  a n a l y s i s  of  t h e  S a t u r n  V 
launch  vehic le ,  f o r  p r e s e n t  missions, h a s  shown l o w e r  s t a b i l i t y  

margins  d u r i n g  S-IC and S-I1 f l i g h t  t h a n  d u r i n g  S-IVB f l i g h t .  
R e p r e s e n t a t i v e  changes i n  p r e s e n t  i n e r t i a  p r o p e r t i e s  f o r  a 
t y p i c a l  J mis s ion  are shown i n  Table 6 .  These changes are 
w e l l  w i t h i n  p r e s e n t  30 t o l e r a n c e s  f o r  S-IC and S-I1 burn ,and  
w i l l  n o t  s i g n i f i c a n t l y  a f f e c t  present  r e s u ' l t s .  Changes i n  
e l a s t i c  body dynamic p r o p e r t i e s  d u r i n g  S-IC and S-I1 burn  can  
be expec ted  t o  be s m a l l  compared t o  30 t o l e r a n c e s  on p r e s e n t  
c a l c u l a t i o n s .  

(6 )  

Con t ro l  system g a i n  and s l o s h  peak g a i n  margins  
d u r i n g  AS-507 s - I C  burn are below t h e i r  p r e s e n t  s t a b i l i t y  cri-  
ter ia .  "The c r i te r ia  v i o l a t i o n s  are a c c e p t a b l e  because t h e y  
are  p r i m a r i l y  due t o  s l o s h ,  t h e  o s c i l l a t i o n s  do n o t  coup le  
i n t o  v e h i c l e  dynamics, and t h e  s l o s h  damping i n c r e a s e s  as 
slosh wave h e i g h t  i n c r e a s e s . "  ( 6 )  
a f f e c t  s l o s h  dynamics and thus  w i l l  n o t  a f f e c t  t h i s  c r i t i c a l  
area. 

A d d i t i o n a l  payload w i l l  n o t  
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During AS-507 S-I1 burn the only marginal stability 
condition occurs in the second bending mode peak gain margin 
just prior to LET jettison, where nominal gain stability is 
2 . 3  db and 30 gain stability is -0.6db (unstable). The 30 
phase margin available at this time is 169.9' compared to a 
30 stability criteria of 75O, thus assuring second bending 
mode stability during S-I1 burn. (6) 
minimum second mode 30 gain stability is 15 db at S-I1 end 
boost. A 108,000 lb payload would have to cause major changes 
in second mode phase relationships in order to significantly 
affect this result. There is no reason to expect any such 
chanye io occur. 

After LET jettison, the 

A summary of stability margins during the S-IVB 
( 6 , 7 )  burn for the AS-507 vehicle is shown in Table 7 .  

Shown are both nominal and 30  stability margins as well as 
the required margin. In all cases, the 3 0  margin is con- 
siderably above the required margins. Shown in Table 8 are 
the affects of 30 uncertainties in structural stability. 
Note from Tables 6 and 8 that the increased inertia and 
center of gravity shift due to increased payload, will in- 
crease the stability margin during S-IVB burn. Payload in- 
creases for a J mission will lower modal frequencies but the 
change can reasonably be expected to be 3% or less for all 

Small changes in bending mode modes during S-IVB burn. 
slopes will also occur but the stability analysis indicates 
t k ~ t  Iirqe chq~c;reg in slope can be tolerated, based on present 
313 margins. 

previous flights indicates the presence of lateral oscilla- 
tions in the first four bending modes during S-IC burn. The 
frequencies of these oscillations agree well with, but are 
generally higher than the analytical values used in control 
system stability analysis. 
modal frequency variation,as measured by flight instrumenta- 
tion, has been small. 

(8,9) 

Spectral analysis of flight instrumentation on 

Vehicle to vehicle (10,11,12) 

(10,11,12) 

SUMMARY 

The total change in mass properties and structural 
dynamics during S - I C  and S-I1 boost are negligible when com- 
pared to 30 parameter variations used to verify stability. 
When appropriate parameters are defined for the J missions, 
new stability margins will be calculated but there is no 
reason to expect that any changes to existing control system 
hardware will be necessary. 
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No changes to the Saturn V launch vehicle structure 
will be necessary to support a 108,000 lb injected payload, 
provided the S - I C  end boost acceleration is limited to 4.0g. 

2031-REH-Jct R. E. Hunter 

Attachments 
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TABLE 1 

1. 
2.  

3 .  
4 .  

5. 

6 .  
7 .  

8. 

9 .  

1 0 .  

11. 
1 2 .  

L/V Changes Required f o r  Base l ine  Payload 

Commitment f o r  J Missions (105,500 l b )  

Optimize p r o p e l l a n t  loading  f o r  f i r s t  o p p o r t u n i t y  f o r  T L I .  

Reduce FGR t o  1 0  m / s e c .  
Reduce FPR t o  2 sigma. 
I n c r e a s e  t i m e  d e l a y  f rom 1 .5  sec t o  1.85 sec on S-I1 s t a g e .  
Remove S - I 1  LOX s t e p  p r e s s u r i z a t i o n .  

I n c r e a s e  t i m e  d e l a y  from 1 . 2  sec t o  1 . 6  sec on S-IC CECO. 

Open loop  P U  system i n  S - I 1  and S- IVB s t a g e s .  

De le t ion  of u l l a g e  and re t ro  r o c k e t s .  

S - I 1  LH2 t i m e r .  

S-I1 s t a g e  a d d i t i o n a l  mainstaqe p r o p e l l a n t .  

S-I1 mixture  r a t i o  change (AS-511 and 512) .  

Add i t iona l  I U  b a t t e r y  f o r  l u n a r  impact.  

Add i t iona l  Payload I n c r e a s e  Options t o  Meet 
Desired 1 0 7 , 0 0 0  lb Payload C a p a b i l i t y  

Payload I n c r e a s e  

1. Cons t r a in  launch azimuth between 

87'  and 96' .  

2 .  Remove I U  b a t t e r y  r equ i r ed  f o r  
l u n a r  impact t r a c k i n g .  

3 .  Lower e a r t h  park ing  o r b i t  t o  
9 0  n.m. 

700  l b  

200 l b  

600  l b  
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